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The model specifications presented below correspond to those benchmarked in WKPELA 2018. The main
difference is that results are presented now for the end of the second quarter of each year instead of be presented
at the end of the fourth quarter. This responds to practical modifications in the definition of the assessment
year, now it goes from July 1st to June 30th of the next year. Model specifications for this year are presented in
section 2.2 and ??, as well as estimated parameters after optimization in Table 2.
2. Model Description
Gadget is an age-length-structured model that integrates different sources of information in order to produce
a diagnose of the stock dynamics. It works making forward simulations and minimizing an objective (negative
log-likelihood) function that measures the difference between the model and data, the discrepancy is presented
as a likelihood score for each time period and model component.
The general Gadget model description and all the options available can be found in Gadget manual (Begley,
2004) and some specific examples can be found in Taylor et al. (2007), Elvarsson et al. (2014) and WKICEMSE
assessment for Ling (Elvarsson, 2017). The latest was used as a guide for this document.
The Gadget model implementation consists in three parts, a simulation of biological dynamics of the pop-
ulation (simulation model), a fitting of the model to observed data using a weighted log-likelihood function
(observation model) and the optimization of the parameters using different iterative algorithms.
A list of the symbols used and estimated parameters is presented in Table 2 and a graph with the Gadget model
structure benchmarked in WKPELA 2018 is available at http://prezi.com/j8rinhq5kstg/?utm_campaign=
share&utm_medium=copy.
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2.1. Simulation model
The model consists of one stock component of anchovy (Engraulis encrasicolus) in the ICES subdivision,
9.a South-Atlantic Iberian waters, Gulf of Cádiz. Gadget works by keeping track of the number of individuals,
Na,l,y,t, at age a = 0, . . . , 3, at length l = 3, 3.5, 4, 4.5, . . . , 22, at year y = 1989, . . . , 2018, and each year divided
into quarters t = 1, . . . , 4.. The last time step of a year involves increasing the age by one year, except for the
last age group, which its age remains unchanged and the age group next to is added to it, like a ’plus group’
including all ages from the oldest age onwards (Taylor et al., 2007).
Growth
The growth function is a simplified version of the Von Bertalanffy growth equation, defined in Begley (2004)
as the LengthVBSimple Growth Function (lengthvbsimple). Length increase for each length group of the stock
is given by the equation below:
∆l = (l∞ − l)(1 − ek∆t), (1)
where ∆t is the length of the timestep, l∞ = 19 cm (fixed) is the terminal length and k is the growth rate
parameter.
The corresponding increase in weight (in Kg) of the stock is given by:
∆w = a((l + ∆l)b − lb), (2)
with a = 3.128958e−6 and b = 3.277667619 set as fixed and extracted from all the samples available in third
and fourth quarters from 2003 to 2017. The growth functions described above calculate the mean growth for
the stock within the model. In a second step the growth is translated into a beta-binomial distribution of actual
growths around that mean with parameters β and n. The first is fitted by the model as described in Taylor et al.
(2007) and the second represents the number of length classes that an individual is allowed to grow in a quarter
and it is fixed and equal to 5.
Initial abundance and recruitment
Stock population in numbers at the starting point of the simulation is defined as:
Na,l,1,1 = 10000νaqa,l, a = 0, . . . , 3, l = 3, . . . , 20
Where νa is an age factor to be calculated by the model and qa,l is the proportion at lengthgroup l that is
determined by a normal density with a specified mean length and standard deviation for each age group. Mean
length at age (µa) and its standard deviation (σa) were extracted from all the data available from 1989 to 2018
including three surveys that are not included in the model: ARSA, ECOCADIZ-RECLUTAS and SAR survey
(See table 2). The mean weight at age for this initial population is calculated by multiplying a reference weight
corresponding to the length by a relative condition factor assumed as 1. This reference weight at length was
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calculated using the formula w = alb, with a and b as defined before. In Gadget files this was specified as a
normal condition distribution (Normalcondfile).
Similarly to the process of calculate the initial abundance described above, the recruitment specifies how the
stock will be renewed. Recruits enter to the age 0 population at quarters 2, 3, 4 (because of the Gadget order of
calculations for each time step this is equivalent to have recruitment one quarter later, i.e. in quarters 3,4 and 1
of the next year) of all years, respectively, as follows:
N0,l,y,t = pl,tRy,t, t = 2, 3, 4, l = 3, . . . , 15,
where Ry,t represents recruitment at year y and quarter t, and pl,t the proportion in lengthgroup l that is recruited
at quarter t which is sampled from a normal density with mean (µ) and standard deviation (σt) calculated by
the model. The mean weight for these recruits is calculated by multiplying the reference weight corresponding
to the length by a relative condition factor assumed as 1. Reference weight at age was the same used to calculate
the initial population mean weight at age explained above. In Gadget files this was specified also as a normal
condition distribution (Normalcondfile).
Fleet operations
In the model the fleets act as predators. There are three fleets inside the model: two for surveys (ECOCADIZ
acoustic survey and PELAGO acoustic survey) and one for commercial landings including all fleets: Spanish
purse-seine, trawlers, Portuguese purse-seine, and others. The main fleet is Spanish purse-seine representing
more than a 90 % of all the catches from 2001 to 2016 and more than a 80 % from 1989 to 2000. It is also
the only fleet with a lenght distribution available, then we decide to include all commercial reported data in the
same fleet which is mostly the Spanish purse-seine.
Surveys fleets are assumed to remove 1 Kg in each of the quarters when the surveys take place while the
commercial fleet is assumed to remove the reported number of individuals each quarter. This total amount of
biomass (for the surveys) or numbers (for the commercial fleet) landed is then split between the length groups












where Ey,t represents biomass landed (in Kg) at year y and quarter t in equation 3 and numbers landed
in equation 4, Wl corresponds to weight at length and Sl,T represents the suitability function that determines
the proportion of prey of length l that the fleet is willing to consume during period T, T = 1, 2, 3 where T = 1
corresponds to the period 1989-2000, T = 2 to 2001-2018 and T = 3 to 1989-2018.
For this model the suitability function chosen for the fleet and surveys is specified in Gadget manual as an




1 + eαT (l−l50,T )
(5)
where l50,T is the length of the prey with a 50% probability of predation during period T and αT a parameter
related to the shape of the function, both parameters are estimated from the data within the Gadget model. The
whole model time period (1989-2018) has been splited into two different periods for suitability parameters of the
commercial fleet because of changes in size regulation for the fishery around 1995 that become effective around
2001.
2.2. Observation model
Data are assimilated by Gadget using a weighted log-likelihood function. The model uses as likelihood
components two biomass survey indices: ECOCADIZ acoustic survey and PELAGO acoustic survey; age -
length keys from the commercial fleet (Spanish purse-seine), PELAGO survey and the ECOCADIZ survey; and
length distributions for the commercial fleet, PELAGO and ECOCADIZ surveys (see Table 2.2 for a detailed
description of the likelihood data used in the model).
Biomass Survey indices
The survey indices are defined as the total biomass of fish caught in a survey. The survey index is compared




(log(Iy,t) − (α+ log(Ny,t))2 (6)
where Iy,t is the observed survey index at year y and quarter t and Ny,t is the corresponding population
biomass calculated within the model. Note that the intercept of the log-linear regression, α = log(q), with q as
the catchability of the fleet (i.e Iy,t = qNy,t).
Catch distribution
Age-length distributions are compared using l lengthgroup at age a and time-step y, t for both, commercial








(Pa,l,y,t − πa,l,y,t)2 (7)
where Pa,l,t,y is the proportion of the data sample for that time/age/length combination, while πa,l,t,y is the

















where Oa,l,y,t corresponds to observed data.
When only length or age distribution is available. It is compared using equation 7 described above but
considering all ages or all lengths, respectively.
Understocking
If the total consumption of fish by all the predators (fleets in this case) amounts to more than the biomass
of prey available, then the model runs into ”understocking”. In this case, the consumption by the predators
is adjusted so that no more than 95% of the available prey biomass is consumed, and a penalty, given by the





where Ut is the understocking that has occurred in the model for that timestep.
Penalties
The BoundLikelihood likelihood component is used to give a penalty weight to parameters that have moved
beyond the bounds in the optimisation process. This component does specify the penalty that is to be applied
when these bounds are exceeded.
`i =

lwi(vali − lbi)2 if vali < lbi
uwi(vali − ubi)2 if vali > ubi
0 otherwise
Where lwi = 10000 and uwi = 10000 are the weights applied when the parameter exceeds the lower and
upper bounds, respectively, vali is the value of the parameter and, lbi and ubi are the lower and upper bounds
defined for the parameter.
2.3. Order of calculations
The order of calculations is as follows:
1. Printing: model output at the beginning of the time-step
2. Consumption: by the fleets
3. Natural mortality
4. Growth
5. Recruitment: new individuals enter to the population
6. Likelihood comparison: Comparison of estimated and observed data, a likelihood score is calculated
7. Printing: model output at the end of the time-step
8. Ageing: if this is the end of year the age is increased
Because of this order of calculations the time step of indexes, age-length keys and length distributions of the
surveys are defined in Gadget a quarter before.
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2.4. Implementation, weighting procedure
Input data (Likelihood files) were prepared for Gadget format using the mfdb R package (Lentin, 2014), run-
ning and weighting procedures were implemented in R with the gadget.iterative function from Rgadget package.
This function follows the approach presented in Taylor et al. (2007) and in the appendix of Elvarsson et al. (2014)
based on the iterative reweighting scheme of Stefánsson (1998) and Stefansson (2003), which is summarized as
follows:
Let wr be a vector of length L with the weights of the likelihood components (excluding understocking and
penalties) for the run r, and SSi,r, i = 1, . . . , L, the likelihood score of component i after run r. First, a Gadget
optimization run is performed to get a likelihood score (SSi,1) for each likelihood component assuming that all
components have a weight equal to one, i.e., w1 = (1, 1, . . . , 1). Then, a separated optimization run for each of
the components (L optimization runs) is performed using the following weight vectors:
wi+1 = (1/SS1,1, . . . , (1/SSi,1) ∗ 10000, 1/SSi+1,1, . . . , 1/SSL,1), i = 1, . . . , L.




component, that is used to define the final weight vector as
w = (1/σ̂21 , . . . , 1/σ̂
2
L).
Where degrees of freedom df∗ are approximated by the number of non-zero data points in the observed data
for each component. Finally, the total objective function is the sum of all likelihoods components multiplied by
their respective weights according to the vector w .
In order to assign weights to the individual likelihood components (See table 2.2) in the procedure described
above, all the survey indices were grouped together.
2.5. Initial parameters and optimization




mization algorithms converged in individual and weighted runs.
3. Remarkable Model Assumptions (in bold the terms associated to the more recent assumptions)
 The model was implemented quarterly from 1989 to the second quarter of 2021.
 All commercial fleets where grouped into only one from 1989 to 2019 second quarter: The Spanish purse-
seine. The Spanish purse-seine which represents more than a 90 % of all the catches from 2001 to 2016 and
more than a 80 % from 1989 to 2000. It is also the only fleet with a lenght distribution available. For the
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first two quarters of year 2021, provisional catches estimations of Spanish (until May 18th) purse-seine fleet
were used and catches for June were estimated as the 37% of January to May catches based on historical
records from 2009 to 2020. There were not any catches for Portuguese purse-seine in these two quarters.
 For this year assessment it was decided to include also discards (available from 2014 onwards). This decision
was taken because they were already accounted for some years in the previous assessments but we did not
notice about that.
 The parameters for weight-length relationship equation (w = alb,) were assumed fixed and defined as
a = 3.128958e−6 and b = 3.277667619. Those values were calculated from all the samples available in third
and fourth quarters from 2003 to 2017.
 Natural mortality at age was also considered fixed with M0 = 2.21 and M1,M2,M3 = 1.3,.
 There was a size restriction from 1995, that were only effective until 2001. As a consequence it was neccesary
to define different suitability parameters for two different periods. One from 1989 to 2000, and the other
from 2001 to 2019.
 Age 0 individuals were removed for all the data input corresponding to ECOCADIZ survey. It was noticed
that age 0 was not removed from the length distribution in the previous assessments.
 Recruits enter to the age 0 population at quarters 2, 3 and 4 (because of the Gadget order of calculations
for each time step this is equivalent to have recruitment one quarter later, i.e. in quarters 3,4 and 1 of
the next year) of all years except the last year, because at the end of June there are no recruits (zero age
individuals). Then, biomass and abundance estimates at the end of the second quarter need to be corrected
removing age 0 individuals.
4. Natural mortality selection
Natural mortality selection is justified by the following arguments:
 Natural mortality was preferred to be selected from classical indirect formulations based on life history
parameters. For it we used the R package FSA to obtain empirical estimates of natural mortality.
 For the estimation of the natural mortality rate, the Von Bertalanffy growth parameters and the maximum
age that the species can live were used. Growth parameters of the Von Bertalanffy function were taken from
Bellido et al. (2000) (l∞ = 18.95, k = 0.89, t0 = −0.02), and for the maximum observed age, we explored a
range from age 3 to 5, but finally age 4 was considered adequate. A total of 13 estimators were produced
using the R package FSA and the a value of M = 1.3 was undertaken (midway between the median and
the mean of the available estimates for Agemax=4).
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 Currently is generally accepted that Natural mortality may decrease with age, as far as it presumed to
be particularly greater at the juvenile phase. It was agreed to adopt for the adult ages of anchovy (ages
1 to 4) the constant natural mortality estimated before (1.3), but for the juveniles (age 0) a greater one
in proportion to the ratio of natural mortality at ages 0 and 1 (M0/M1) resulting from the application of
the Gislason et al. (2010) method for modelling natural mortality as a function of the growth parameters.
For it we used four vectors of length-at-age: derived from the Von Bertalanffy growth function in Bellido
et al. (2000) for ages 1-5, from the ECOCADIZ-RECLUTAS survey for ages 0-3, the average of the length-
at-age in the catches from 1987 to 2016 and the average of the length-at-age in the catches from 2007 to
2016. There was no major basis to select one or the other, we directly choosed the pattern shown by the
ECOCADIZ-RECLUTAS data just because it seemed to be smoothest one (particularly for age 1 onwards
as presumed here). The ratio M0/M1 is 2.722670/ 1.595922 = 1.7. Therefore M0 = 1.3 ∗ 1.7 = 2.21.
 In summary for anchovy 9a South, the adopted natural mortality by ages are M0 = 2.21,M1 = 1.3 and
M+2 = 1.3 (similar at any older age).
5. Fit to data
A summary of likelihood scores is presented in Figure 1 while a comparison of estimated versus observed data
is summarized in the following Figures:
Length distributions
 Figure 2: Length distribution of the commercial fleet.
 Figure 3: Length distribution of the ECOCADIZ acoustic survey.
 Figure 4: Length distribution of the PELAGO acoustic survey.
 Figure 5: Summary of residuals for length distributions.
Age distributions
 Figure 6: Age distribution of the commercial fleet.
 Figure 7: Age distribution of the ECOCADIZ acoustic survey.
 Figure 8: Age distribution of the PELAGO acoustic survey.
 Figure 9: Summary of residuals for age distributions.
Biomass survey indices fit










































































































































































































































































































Figure 1: Likelihood scores for age-length key of ECOCADIZ survey, PELAGO survey and commercial landings (Upper panel) and
length distribution of ECOCADIZ survey, PELAGO survey and landings. Dots represent the score for each quarter.
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Index
a Age, a = 0,. . . ,3
l Length, l = 3,3.5,4,4.5,. . . ,22
y Years, y = 1989,. . . ,2018
t Quartely timestep, t = 1,. . . ,4
T T = 1 for period 1989-2000, T = 2 for period 2001-2018
Parameters
Fixed
a Parameter of weight-length relationship w = alb, a = 3.128958 × 10−6
b Parameter of weight-length relationship w = alb, b = 3.277667619
µa Initial population mean length at age
µ0 = 9.99, µ1 = 12.1, µ2 = 15.2, µ3 = 16.1
σa Initial population standard deviation for length at age
σ0 = 0.836, σ1 = 0.5, σ2 = 1, σ3 = 1.2
Ma Natural mortality, M0 = 2.21,M1 = 1.3,M2 = 1.3,M3 = 1.3
n Maximum number of length classes that an individual is supposed to grow n = 5
Estimated
l∞ Asympthotic length, l∞=28.7556
k Annual growth rate, k = 0.0740307
β Beta-binomial parameter, β = 3809.63
νa Age factor, ν0 = 51000, ν1 = 37700,
ν2 = 37000, ν3 = 4.88e− 07
µ Recruitment mean length, µ = 9.89097
σt Recruitment length standard deviation by quarter, σ2 = 3.33598, σ3 = 1.69371, σ4 = 3.82192
l50,T Length with a 50% probability of predation during period T,
lseine50,1 = 10.6, l
seine
50,2 = 10.7, l
ECO
50,3 = 12.7, l
PEL
50,3 = 14.2
αT Shape of function, α
seine
1 = 0.393, α
seine
2 = 0.945, α
ECO




Ey,t Number or biomass landed at year y and quarter t
Wl Weight at length
Iy,t Observed survey index at year y and quarter t
Pa,l,y,t Proportion of the data sample over all ages and lengths for timestep/age/length combination
Oa,l,y,t Observed data sample for time/age/length combination




∆t Length of timestep
Na,l,y,t Number of individuals of age a, length l in the stock at year and quarter y and t, respectively.
qa,l Proportion in lengthgroup l for each age group
Ry,t Recruitment at year y and quarter t
pl,t Proportion in lengthgroup l that is recruited at quarter t
Cl,y,t Total amount in biomass landed by surveys and in number caught by commercial fleet (discards 2014-2019)
Sl,T Proportion of prey of length l that the fleet/predator is willing to consume during period T
πa,l,y,t Proportion of the model sample over all ages and lengths for that timestep/age/length combination
µa,y,t Mean length at age for the timestep/age combination
Ut Understocking for timestep t
lwi and uwi Weights applied when the parameter exceeds the lower or upper bound
lbi and ubi Lower and upper bound defined for the parameter
vali Value of the parameter
Table 1: List of Symbols used in model specification and parameter estimates after optimization10
Data source type Timespan Likelihood function
Commercial catches Length distribution All quarters, 1989-2020 See eq. 7
(discards from 2014 onwards) Age-length key All quarters, 1989-2020 See eq. 7
ECOCADIZ acoustic survey Biomass survey indexes Second quarter 2004, 2006 see eq. 6
third quarter 2007, 2009, 2010, 2013-2020
Length distribution Second quarter 2004, 2006 see eq. 7
third quarter 2007, 2009, 2010, 2013-2020
Age-length key Second quarter 2004, 2006 see eq. 7
third quarter 2007, 2009, 2010, 2013-2020
PELAGO acoustic survey Biomass survey indexes First quarter 1999, 2001-2003 see eq. 6
second quarter 2005-2010 and 2013-2021
length distribution First quarter 1999, 2001-2003 see eq. 7
second quarter 2005-2010, 2013-2021
Age-length key second quarter 2014-2021 see eq. 7
Table 2: Overview of the likelihood data used in the model. Important remark: Due to lack of information of length distributions
and Age-length keys for commercial catches in the first and second quarter of 2020, the length distribution was approximated using
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Figure 2: Comparison between observed and estimated catches length distribution. Black lines represent estimated data while gray














































Figure 3: Comparison between observed and estimated catches length distribution for ECOCADIZ survey. Black lines represent
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Figure 4: Comparison between observed and estimated catches length distribution for PELAGO survey. Black lines represent
estimated data while gray lines represent observed data
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Figure 5: Standardised residual plots for the fitted length distribution from the ECOCADIZ survey, PELAGO survey and commercial



























































































































































































































Figure 6: Comparison between observed and estimated catches age distribution. Black lines represent estimated data while gray
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Figure 7: Comparison between observed and estimated ECOCADIZ survey age distribution. Black lines represent estimated data

























Figure 8: Comparison between observed and estimated PELAGO survey age distribution. Black lines represent estimated data

















































































































































































Figure 9: Standardised residual plots for the fitted age distribution from the ECOCADIZ survey, PELAGO survey and commercial























































Parameter estimates after optimization are presented in Table 2. Detailed model outputs are available HERE,
where each file corresponds to the following description:
 sidat: Model fit to the surveyindices
 suitability: Model estimated fleet suitability
 stock.recruitment: Model estimated recruitment
 res.by.year: Results by year
 catchdist.fleets: Data compared with model output for the length and age-length distributions
 stock.full: Modeled abundance and mean weight by year,step, length and stock
 stock.std: Modeled abundance, mean weight, number by age consumed by the fleet, stock and year
 stock.prey: Consumption of the fleet by length, year and step
 fleet.info: Information on catches, harvest rate and harvestable biomass by fleet, year and step
 params: parameter values used for the fit
6.1. Catchability
















Figure 11: Estimated catchability parameters for the different survey indices
6.2. Estimated age composition







































Figure 12: Estimated age composition of the population
6.3. Suitability
Figure 13 shows the fleet suitability functions estimated by the model for the commercial fleet and different
surveys
6.4. Abundance, recruitment and Fishing mortality
Figure 14 presents model annual estimates for biomass, abundance (removing age 0 individuals to be accurate
with the time of the assessment, see section 3 above for a detailed explanation), recruitment, fishing mortality
and catches at the end of the second quarter of each year. Figure 15 shows annual estimates for biomass of
individuals of age 1+ at the end of the second quarter of each year. Due to some inconsistencies in the maturity
ogives not noticed during WKPELA 2018, we assume that all individuals with age 1 or higher (B1+), are mature
i.e. these abundance estimates result equivalent to spawning stock biomass estimates.
21
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Figure 13: Estimated fleet suitability functions for the commercial fleet and different surveys.
6.5. Comparison with last year estimated time series and sensitivity analysis regarding the assumption made for
length and age-length distributions of the commercial catches in first and second quarters of 2020
A comparison with last year estimated time series, and also with those estimated by a model implementation
without including length and age-length distribution for commercial catches in first and second quarters of 2020
is presented in Figure 16. It was observed that the estimated biomass for the last three years is higher when
assuming the join length distribution of 2018 and 2019 together with the age-length key of PELAGO 2020
survey for first and second quarters of 2020, than assuming no data available for those quarters. Nevertheless,
the estimates for those years are lower than the last year estimated biomass time series.
7. Catch advice for July 2021 to June 2022







for B representing the estimated abundance by the model as shown in Figure 15. According to Uriarte et al.
(2018) presented in WKLIFEVIII and in accordance with the procedure adopted for Anchovy 9.a. West, if this
ratio is above 1.8, the advice would be equal to the latest advice mutiplied by 1.8, as follows:




































































































Figure 14: Annual catches time series (in numbers and biomass) compared with annual model estimates for abundance of individuals
with more than one year of age (in numbers and biomass) recruitment and fishing mortality. Measures were summarized at the end
of June each year, assuming that a year starts in July and ends in June of the next year.
where Ĉy is the value of adviced catches in 2019. Then the adviced catches (in tonnes) for the next year (July
2021 to June 2022) would be:
Cy+1 = 11322 ∗ 0.472 = 5340.9.
This procedure was not specified in the Stock annex for 2021 advice.
8. Reference points
The methodology applied was the same decided in WKPELA 2018 (page 286 of WKPELA 2018 report (ICES,
2018)) following ICES guidelines for calculation of reference points for category 1 and 2 stocks and the report of






















































Figure 15: Estimated biomass time series at the end of quarter two (Age 0 removed to be consistent with recruitment at the end
of the second quarter of the year). Note that under the assumption that all individuals in B1+ class are mature, this biomass is
equivalent to SSB
According to the above ICES guidelines and the S-R plot characteristics (Figure 17), this stock component
can be classified as a “stock type 5” (i.e. stocks showing no evidence of impaired recruitment or with no clear
relation between stock and recruitment (no apparent S − R signal)). According to this classification, Blim
estimation is possible according to the standard method and it is assumed to be equal to Bloss (Blim = Bloss).
For 2021 the value of Bloss for the 9a South anchovy corresponds to the estimated SSB in 2010 (1490 t), hence
Blim is set at 1490 t and the relative Blim (divided by the mean value of B1+) results equal to 0.313. Note
that due to some inconsistencies in the maturity ogives used in WKPELA2018, age 1+ individuals (B1+) are
assumed as mature i.e. B1+ class is equivalent to Stock Spawning Biomass (SSB) (see subsection 6.4 above).
ICES recommends to calculate Bpa as follows:
Bpa = e(1.645σ)Blim,
where σ is the estimated standard deviation of ln(SSB) in the last year of the assessment, accounting for
the uncertainty in SSB for the terminal year. If σ is unknown and for short living species, as it is in our
case, it can be assumed that σ = 0.30 (see page 34 of ICES WKMSYREF5 2017 report (ICES, 2017)), then











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 16: Comparison of estimates from different model implementations. 1. Without data for age-length key and length distribution
in first and second quarters of 2020, 2. Assuming the join length distribution of 2018 and 2019 together with the age-length key of
PELAGO 2020 survey for first and second quarters of 2020, 3. Model used for the assessment in June 2020: Annual catches time
series (in numbers and biomass) compared with annual model estimates for abundance of individuals with more than one year of
age (absolute and relative), recruitment and fishing mortality (absolute and relative). Measures were summarized at the end of June
each year, assuming that a year starts in July and ends in June of the next year.
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Figure 17: Estimated Stock Spawning biomass (SSBt) vs. Recruitment (Rt), SSBt corresponds to the Stock Spawning Biomass at
the end of quarter 2 of year t, while Rt corresponds to the sum of the recruitment at the beginning of quarters 3,4 and 1 of years t
and t + 1, respectively.
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